SYNOPSIS A dialysis method for estimating 'free' thyroxine is compared with two indirect methods using the uptake of triiodothyronine by the red cells and by a Sephadex column. The three methods give results which correlate well and the Sephadex method is the simplest.
1 Sixteen-hour dialysable thyroxine was estimated by a method previously described (Gimlette, 1964) . This is the estimation of the percentage of a tracer quantity of 1311 thyroxine added to the plasma under investigation which is dialysed, during 16 hours at 37°C., out of a small cellophane bag immersed in a sample of the same plasma in a test tube. The normal range was 0-46-0-80 %.
2 The red-cell uptake of triiodothyronine was estimated by the method of Hamolsky et al. (1957) Received for publication 18 August 1966. modifications: 2 ml. samples of blood were used, and incubation and washing were carried out in glass test tubes. The results were calculated in terms of a triiodothyronine-binding coefficient (Adams, Specht, and Woodward, 1960) .
Red cell binding coefficient -H X U H 1-U
Where H = Haematocrit, U % Red cell uptake 100 100 (uncorrected) The normal range found in extensive previous studies was 0-070 to 0-120 with the technique used.
3 Sephadex chromatography was carried out by a method previously described (Gimlette, 1967) . The results were expressed in terms of a triiodothyroninebinding coefficient and the normal range was 0-050-0.100.
MATERIAL
One hundred and twenty patients were studied by the three methods described. All the patients had been referred for the establishment of their thyroid status and this was done by routine methods including radioiodine studies. Fifty-one patients were euthyroid and without significant organic disease, 12 were euthyroid but suffering from serious organic disease of various kinds, 38 were hyperthyroid, and 19 were hypothyroid.
In 39 of these patients serum thyroxine was also estimated by a modification of the method of Ekins, previously described (Gimlette, 1965) . The normal range was 5 5-14 0 pg./100 ml.
In the majority of these pa.tients thyroxine-binding globulin and prealbumin maximum binding capacities were estimated (Oppenheimer, Squef, Surks, and Hauer,
RESULTS
The results of the study are indicated in Tables I  and II and in Figures 1, 2 , and 3. Clearly there is a correlation between the three methods of assessing 'free' thyroxine, but this is not precisely linear. The results with the red cell method and the Sephadex method both indicated the correct diagnosis in 87 %. The dialysable thyroxine method indicated the correct diagnosis in 82%. The difference between the results is probably not significant and may be due to the normal range in the latter, established in an earlier study (Gimlette, 1964) , being a little low. With all three methods the diagnostic accuracy was better in hyperthyroid than in hypothyroid patients and least good in ill patients; over one-third of the incorrect results were high values in this relatively small group, in whom abnormal levels of binding proteins, particularly of thyroxine-binding prealbumin, are frequently present.
The group of patients in whom plasma thyroxine has been estimated is small, but promising results from combining this test with an estimation of 'free' thyroxine by using the product of plasma thyroxine and Sephadex-binding coefficient may be seen (Table TI) . Misleading results when only one test was used were not infrequent, particularly in the euthyroid, ill group; but when the above product was used a correct separation of all the patients was achieved.
In the euthyroid, ill patients plasma thyroxine and the maximum binding capacity of thyroxine- binding prealbumin was usually decidedly low, but the capacity of thyroxine-binding globulin was only slightly reduced compared with the normal. This suggests that reduced thyroxine-binding pre-albumin may play an important part in producing the raised values for 'free' thyroxine found by all three tests in this small group of ill patients.
DISCUSSION
The object of the tests described above, and of others based on the same principle, is to obtain a value which is proportional to the fraction of the total plasma thyroxine which is 'free', or not bound to protein. The value obtained can be multiplied by the total serum thyroxine or chemical protein-bound iodine (P.B.I.) to give a product which is proportional to the absolute level of free thyroxine, a quantity too small to be measured by direct means. It is generally believed that only 'free' hormone, or hormone unbound to large protein molecules, is able to enter cells and thereafter have its effect on metabolism (Robbins and Rall, 1960; Sterling and Brenner, 1966) , and therefore the level of free thyroxine in the plasma probably constitutes the best available index of thyroid status, particularly in the absence of adequate knowledge of the behaviour and mode of action of the hormone within the cell under normal and abnormal conditions.
The direct methods using equilibrium dialysis give a value for the free fraction of the serum thyroxine under the particular experimental conditions of the technique, although this is not necessarily identical with the value under physiological conditions. The simpler techniques of estimating the rate of dialysis across a semipermeable membrane (Christensen, 1959; Gimlette, 1964) can be used in the same way and give results which are probably proportional to those obtained by equilibrium dialysis.
The indirect methods on the other hand compare the binding power of serum or plasma for triiodothyronine with that of the red cells, resin, Sephadex, or whatever indicator substance is used. The binding power of plasma is proportional to the concentration of free binding sites available (Myant and Osorio, 1959) and this is inversely proportional to the fraction of added radioactive triiodothyronine transferred to the indicator substance, the binding power of which is constant under the experimental conditions (Robbins and Rall, 1960) . These techniques give a value which may be expressed as a binding coefficient, and which is related to the free hormone without being a direct estimate (Sterling and Brenner, 1966) . Triiodothyronine is used since it has a greater affinity for the indicator substances than thyroxine has, and when quantities of the order of 0-1 ,tg./100 ml. are added to serum, an easily measurable proportion of this radioactive triiodothyronine is bound by the indicator substances, while the distribution of thyroxine on the plasma-binding sites is not significantly altered. The binding properties of triiodothyronine with plasma proteins are not exactly the same as those of thyroxine. A decrease in binding power of prealbumin, which does not itself bind triiodothyronine, will tend to increase binding of triiodothyronine by the indicator substance, since such a decrease makes fewer plasma binding sites available for thyroxine and so increases the competition for the limited capacity protein sites which thyroxine and triiodothyronine share (Robbins and Rall, 1960) . The increase in the 'free' fraction of thyroxine, estimated by equilibrium dialysis, noted in many ill patients and attributed to decreased prealbumin binding (Oppenheimer et a., 1963) , is also noted when triiodothyronine binding by red cells or Sephadex is used as the method of assessment.
In the selection of a suitable test for assessment of 'free' thyroid hormone, the ease and convenience of those available must be considered, since there appears to be no gross disparity in the relative values obtained by the various methods in different conditions. A number of direct and indirect methods, some of them rather complex, for the assessment of 'free' hormone have been described. For simple routine purposes, the estimation of triiodothyronine- 
